PNEUMATIC TIRE AND MANUFACTURING METHOD THEREOF 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a pneumatic tire in 
which a sectional shape of a closed space formed between a tire 
and a wheel is changed in a tire circumferential direction, and 
a manufacturing method thereof. More particularly, the 
present invention relates to a pneumatic tire designed to solve 
problems which occur when a sectional shape of a closed space 
is changed in a tire circumferential direction, and a 
manufacturing method thereof. 

[0002] As counter-measures against noise caused by air column 
resonance of an automobile wheel, there has been proposed a 
technique for shortening resonance time at a single frequency 
by changing a sectional shape of a closed space formed between 
a pneumatic tire and a wheel in a tire circumferential direction 
to reduce noise caused by the air column resonance (e.g., 
Japanese Patent Application Laid-Open No. 2001-113902). 
Especially, when a proper member is fixed to a tire inner surface 
in a bead portion of the pneumatic tire, the air column resonance 
can be reduced while unbalance caused by weight or rigidity of 
the member is minimized. 

[0003] However, if a member for changing the sectional shape 
of the closed space is stuck to the tire inner surface in the 
bead portion, cracks easily occur from ends of the member. 
Consequently, there is a problem that durability of the tire 
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is reduced. Additionally, in the technique for sticking the 
member to the tire inner surface in the bead portion, there is 
an adverse effect of a considerable reduction in tire 
productivity . 
SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to provide a 
pneumatic tire which enables improvement of durability when a 
sectional shape of a closed space is changed in a tire 
circumferential direction by adding a member to a bead portion. 
[0005] Another object of the present invention is to provide 
a method for manufacturing a pneumatic tire, which enables 
improvement of productivity when a sectional shape of a closed 
space is changed in a tire circumferential direction by adding 
a member to a bead portion. 

[0006] In order to achieve the object, a pneumatic tire of 
the present invention in which a carcass layer is arranged 
between a pair of left and right bead portions and an inner liner 
layer is provided on an inner side of the carcass layer, is 
characterized in that volume adjusting members are 
intermittently arranged between the carcass layer and the inner 
layer in the bead portions in a tire circumferential direction 
so as to change a sectional shape of a closed space formed between 
the tire and a wheel in the tire circumferential direction. 
[0007] By thus arranging the volume adjusting members between 
the carcass layer and the inner liner layer, ends of the volume 
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adjusting members are prevented from being exposed to the tire 
inner surface, thereby suppressing generation of cracks from 
the ends. Accordingly, it is possible to improve durability 
of the tire. Additionally, since the volume adjusting members 
are intermittently arranged in the tire circumferential 
direction in the bead portions, it is possible to reduce air 
column resonance sound while unbalance caused by weight or 
rigidity of the volume adjusting members is minimized. 
Especially, the volume adjusting members are preferably 
arranged at equal intervals in the tire circumferential 
direction in order to suppress weight unbalance. 
[0008] Meanwhile, in order to achieve the object, a method 
for manufacturing a pneumatic tire of the present invention is 
characterized by including the steps of : intermittently 
crimping volume adjusting members on both side sections of a 
sheet inner liner material in a longitudinal direction thereof 
beforehand; winding the inner liner material on an outer 
peripheral side of a forming drum; winding a sheet carcass 
material on an outer peripheral side of the inner liner 
material; forming an unvulcanized tire containing the inner 
liner material and the carcass material; and vulcanizing the 
unvulcanized tire. 

[0009] Thus, it is possible to improve tire productivity by 
using the inner liner material on which the volume adjusting 
members are crimped beforehand. Especially, when the volume 



3 



adjusting members are arranged between the inner liner material 
and the carcass material, it is possible to obtain a pneumatic 
tire which is provided with the volume adjusting members between 
the carcass layer and the inner liner layer in the bead portions 
and is excellent in durability. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is a meridian sectional view showing a pneumatic 
tire according to an embodiment of the present invention. 
[0011] Fig. 2 is an explanatory view schematically showing 
a volume adjusting member arranged in a bead portion of the 
pneumatic tire of the present invention from a side of the tire. 
[0012] Fig. 3 is a perspective view showing an inner liner 
material fed to a forming drum. 

[0013] Figs. 4(a) to 4(d) are perspective views showing steps 
of a method for manufacturing the pneumatic tire of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0014] Hereinafter, the constitution of the present invention 
will be described in detail with reference to the accompanying 
drawings . 

[0015] Fig. 1 shows a pneumatic tire according to an 
embodiment of the present invention, and Fig. 2 schematically 
shows a volume adjusting member arranged in a bead portion of 
the pneumatic tire from a side of the tire. As shown in Fig. 
1, a pneumatic tire 10 comprises a tread portion 1, sidewall 
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portions 2, and bead portions 3. A carcass layer 4 is arranged 
between a pair of left and right bead portions 3,3, and an inner 
liner layer 5 is disposed on an inner side of the carcass layer 
4. An end of the carcass layer 4 in a width direction is wound 
up from the inner side to the outer side of the tire around a 
bead core 6 in each bead 3. Additionally, in the tread portion 
1 # a belt layer 7 is embedded on an outer peripheral side of 
the carcass layer 4. The pneumatic tire 10 is fixed to a rim 
R of a wheel W, and a closed space 8 is formed between the 
pneumatic tire 10 and the wheel W. 

[0016] In the pneumatic tire 10, a plurality of volume 
adjusting members 9 are embedded between the carcass layer 4 
and the inner liner layer 5 in the bead portions 3 in order to 
change a sectional shape of the closed space 8 in a tire 
circumferential direction. As shown in Fig. 2, these volume 
adjusting members 9 are intermittently arranged in the tire 
circumferential direction. Additionally, the volume 

adjusting members 9 are arranged at equal intervals in the tire 
circumferential direction in order to suppress weight 
unbalance . 

[0017] There is no particular limitation on materials for the 
volume adjusting members 9. Preferably, however, the members 
9 are made of rubber compositions so that the volume adjusting 
members 9 hardly come off from the carcass layer 4 or the inner 
liner layer 5. It is preferred that the volume adjusting 
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members 9 be set ±n a range from 1 mm to 10 mm ±n thickness. 
If a thickness is lower than 1 mm, a reduction effect of air 
column resonance sound becomes unsatisfactory. If a thickness 
exceeds 10 mm, there is a possibility that uniformity is 
deteriorated. 

[0018] As described above, the volume adjusting members 9 are 
intermittently arranged in the tire circumferential direction 
to change the sectional shape of the closed space 8 in the tire 
circumferential direction. Thus, an air column resonance 
frequency of the closed space 8 is changed with rotation of the 
wheel, thereby reducing air column resonance sound. 
Additionally, since the volume adjusting members 9 are arranged 
in the bead portions 3, instead of the tread portion 1, it is 
possible to minimize unbalance caused by weight or rigidity 
thereof. Moreover, since the volume adjusting members 9 are 
arranged between the carcass layer 4 and the inner liner layer 
5 to prevent exposure of the ends thereof to the tire inner 
surface, generation of cracks from the ends of the volume 
adjusting members 9 can be suppressed to improve durability of 
the pneumatic tire 10. 

[0019] Next, a method for manufacturing the pneumatic tire 
will be described. Fig. 3 shows an inner liner material fed 
to a forming drum. Figs. 4(a) to 4(d) show steps of the 
pneumatic tire manufacturing method of the present invention. 
[0020] According to the present invention, as shown in Fig. 
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3, the volume adjusting members 9 are intermittently crimped 
on both side sections of a sheet inner liner material 15 in a 
longitudinal direction thereof beforehand, and the inner liner 
material 15 having the volume adjusting members 9 is 
continuously fed to a forming drum. For example, when volume 
adjusting members 9 are arranged at two places on a tire 
circumference, arrangement and nonarrangement of volume 
adjusting members 9 are repeated for every 1/4 of a forming drum 
circumference. Accordingly, no problems occur even when any 
places of the inner liner material 15 in the longitudinal 
direction are cut during tire forming. 

[0021] The inner liner material 15 prepared in the above 
manner is wound on an outer peripheral side of the forming drum 
D, and both ends thereof in a drum circumferential direction 
are spliced as shown in Figs. 4(a) and 4(b). Then, as shown 
in Figs. 4(c) and 4(d), a sheet carcass material 14 is wound 
on an outer peripheral side of the inner liner material 15 , and 
both ends thereof in the drum circumferential direction are 
spliced. Thereafter, a member such as a bead core (not shown) 
is added to form an unvulcanized tire containing the carcass 
material 14 and the inner liner material 15. This unvulcanized 
tire is vulcanized in a mold by a normal vulcanizing process. 
Note that the carcass material 14 and the inner liner material 
15 become the aforementioned carcass layer 4 and inner liner 
layer 5, respectively. 
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[0022] The use of the inner liner material 15 on which the 
volume adjusting members 9 are crimped beforehand as described 
above enables simple addition of the volume adjusting members 
9 to the bead portions 3 of the pneumatic tire 10. Thus, it 
is possible to improve productivity of the pneumatic tire 10. 
Especially, when the volume adjusting members 9 are arranged 
between the carcass material 14 and the inner liner material 
15, i.e. , between the carcass layer 4 and the inner liner layer 
5 at the bead portions 3, it is also possible to improve 
durability of the pneumatic tire 10. 

[00 23] The preferred embodiment of the present invention has 
been described in detail hereinbefore. However, it should be 
understood that various changes, modifications and 
substitutions can be made without departing from the spirit and 
scope of the invention defined in the appended claims. 
Example 

[0024] Pneumatic tires of conventional examples 1 to 3 and 
the embodiment which were 185/70R14 in tire size and different 
only in tire structure were manufactured. The conventional 
example 1 is a reference pneumatic tire. The conventional 
example 2 is a pneumatic tire in which volume adjusting members 
are intermittently stuck to a tire inner surface in a tread 
portion in a tire circumferential direction, and a sectional 
area changing rate of a closed space formed between the tire 
and a wheel is 2.0%. The conventional example 3 is a pneumatic 
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tire In which volume adjusting members are intermittently stuck 
to a tire inner surface in bead portions in a tire 
circumferential direction, and a sectional area changing rate 
of a closed space formed between the tire and a wheel is 2.0%. 
Meanwhile, the embodiment is a pneumatic tire in which volume 
adjusting members are intermittently embedded between a carcass 
layer and an inner liner layer in bead portions in a tire 
circumferential direction, and a sectional area changing rate 
of a closed space formed between the tire and a wheel is 2.0%. 
[0025] These four kinds of pneumatic tires were evaluated in 
terms of air column resonance sound, uniformity and durability 
by a measuring method below. The results are shown in Table 
1. 

Air column resonance sound: 
[0026] Each test tire was assembled to a wheel with a rim size 
14x5-1/2 JJ, and air column resonance sound (dB) was measured 
by a microphone installed in a position at the driver's ear on 
a driver seat window side in a vehicle compartment when driving 
a passenger car of 1800 cc displacement on a rough road surface 
at a speed of 50 km/h with air pressure set to 220 kPa. Results 
of evaluation are represented by relative values while the 
conventional example 1 is set as a reference (±0.0). A positive 
value means larger air column resonance sound, and a negative 
value means smaller air column resonance sound. 

Uniformity: 
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[0027] Each test tire was assembled to a wheel with a rim size 
14x5-1/2 JJ, and tractive force variation (TFV) was measured 
at a speed of 100 km/h to compare secondary components thereof. 
Inverse numbers of the measured values were used in the 
evaluation, and results of evaluation were represented by 
indexes while the conventional example 1 was set to 100. A 
larger index value means better uniformity. 
Durability: 

[0028] Each test tire was assembled to a wheel with a rim size 
14x5-1/2 JJ # a passenger car of 1800 cc displacement was driven 
in an urban area for 30000 km with air pressure set to 220 kPa, 
and a bonded state of volume adjusting members was investigated 
after the driving. The results of evaluation are represented 
by "A" where in there is no crack, "B" when there is a slight 
crack, or n C when there is a large crack. 
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Table 1 
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[0029] As apparent from the Table 1, the pneumatic tire of 
the embodiment could obtain reduction effects of air column 
resonance sound without lowering uniformity or durability 
compared with the conventional example 1. Meanwhile, the 
conventional examples 2 and 3 have problems in uniformity or 
durability while they have reduction effects of air column 
resonance sound. 

[0030] As described above, according to the pneumatic tire 
of the present invention, since the volume adjusting members 
are intermittently arranged between the carcass layer and the 
inner liner layer in the bead portions in the tire 
circumferential direction, it is possible to improve durability 
of the tire when the sectional shape of the closed space is 
changed in the tire circumferential direction by adding the 
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members to the bead portions . 

[0031] Furthermore, according to the pneumatic tire 

manufacturing method of the present invention, since the volume 
adjusting members are intermittently crimped on both side 
sections of the sheet inner liner material in the longitudinal 
direction thereof beforehand and the unvulcanized tire is 
formed by using the inner liner material, it is possible to 
improve productivity of the tire when the sectional shape of 
the closed space is changed in the tire circumferential 
direction by adding the members to the bead portions . 
[0032] Thus, it is possible to reduce air column resonance 
sound while solving problems which occur when the sectional 
shape of the closed space is changed in the tire circumferential 
direction and minimizing unbalance caused by the weight or 
rigidity of the volume adjusting members. 
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